Clinical studies provided evidence on the protective effect of n-3 polyunsaturated fatty acids (PUFAs) against some common cancer types (breast-, colon cancer) (RoSe & Connolly, 1999) , rheumatoid arthritis and cardiovascular diseases (alexanDeR, 1998) . The n-3 fatty acids are indispensable in human nutrition, being significant structural components of the cellular membranes (neuRingeR et al., 1986) . In Western Europe and the United States the dietary ratio of n-6/n-3 is between 15:1 and 20:1 nowadays, instead of 1:1 (SimopouloS & CHilDS, 1990) . Most vegetable oils (e.g. sunflower oils) are very rich in n-6 and generally poor in n-3 fatty acids (SimopouloS, 2001) . The optimal n-6/n-3 ratio in foods rich in n-3 PUFAs is less than 4 and the PUFA/saturated FA ratio is higher than 0.4 (WooD et al., 2004) . Different dietary sources of n-3 fatty acids are known, such as fish, seafood, some oilseeds or their oils. The main vegetable sources of n-3 fatty acids are flaxseed, soybean and rapeseed (Kamal-elDin & anDeRSSon, 1997; RiemeRSam, 2001) . Flaxseed is the most important source of α-linolenic acid (ALA), containing ca. 350 g ALA/1000 g seed. Consumption of n-3 fatty acid enriched food products is a recommended way to meet the human essential FA demands. A potential drawback of the use of n-3 FAs is their expressed susceptibility towards lipid peroxidation (St. angelo, 1999) and their apparent off-flavour induction (SCHeiDeleR et al., 1997) .
The aim of this study was to enrich one of the most popular meat product in Hungary, a special cold cut (Párizsi), directly with different vegetable oil n-3 FAs in a graded, substitution manner, to reach a more favourable FA composition and to determine the consequent changes of product parameters (colour, rheology, organoleptic properties).
Materials and methods

Preparation of "Párizsi"
The frozen and ground pork (spare rib) and backfat were chopped into fine cubes and put into a cutter. After 10 min ice cubes, vegetable oils (commercially available flaxseed and soybean oils, Solio Ltd., Hungary), spice mix (ProFood Ltd., Hungary), and nitrite pickling salt were added (Table 1) to the dollop and the mixing was continued till the dollop reached a perfectly homogeneous consistence. The level of vegetable oils was chosen on the basis of a preliminary experiment and sample numbering was kept. The final temperature of the dollop was kept under 14 °C during cuttering. The dollop was filled manually into vapour-permeable casings (diameter 5 cm, length 20 cm) and was heated in a fume hood to 72 °C core temperature in a Bastra 850 (Bastra, Arnsberg, Germany) cooking/smoking chamber for approximately 1.5 h. Finally the samples (250 g Párizsi/sample) were chilled to 4 °C in a refrigerator. The fatty acid composition of the raw meat, backfat and vegetable oils was determined (Table 2) . 
Fatty acid analysis
Samples (300 mg) were extracted according to FolCH and co-workers (1957) . Solvents were ultrapure-grade (Sigma-Aldrich, Schnelldorf, Germany) and 0.01% (w:v) butylated hydroxytoluene was used as antioxidant. Lipids were transmethylated with the acid-catalysed methanolic H 2 SO 4 method of CHRiStie and Han (2010). Nonadecaenoic acid (C19:0, Fluka) was added to the samples as an internal standard. Gas liquid chromatography was performed on a Shimadzu 2100 apparatus, equipped with a SP-2380 (Supelco, Bellefonte, USA) type capillary column (30 m×0.25 mm internal diameter, 0.20 µm film thickness) and flame ionisation detector. To identify individual FA, a standard (Mixture Me100, Larodan Fine Chemicals, Malmö, Sweden) was used.
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Texture analysis
The texture profile analysis (TPA) was performed in a Zwick Z005 equipment (Zwick Roell GmbH, Ulm, Germany) and Warner Bratzler scissors. The hardness (Fmax, N) was applied to describe the texture of 15 mm diameter sample cones. The constant crosshead speed was 50 mm min -1 and the measurement was performed at room temperature 5 times/sample.
Colour measurement
The colour measurement of Párizsi surface was obtained using a tristimulus colorimeter (Minolta Chroma Meter CR-300, Minolta Corporation, Tokyo, Japan). The b* (yellowness), a* (redness) and L* (lightness) values were measured three times on the surface of the Párizsi at six different times in parallel with the chemical analysis. In each case the measurement was repeated 5 times/sample.
Oxidation
The acid value of the lipid contents of the sample was determined with the iupaC (1987) method 2.201 and results were expressed as mg KOH/g fat, while peroxide value was determined according to the a.o.a.C. (1995) method and was expressed as meq O 2 /kg fat in 3 repetitions/sample.
Organoleptic analysis
The organoleptic analysis was performed by 10 skilled evaluators with only fresh samples (1 st day), at the Central Food Research Institute (Budapest, Hungary). Product characteristics were marked on a 0-100 unstructured scale and the following traits were enrolled in the analysis: colour intensity, odour, spice odour, chewing resistance, chewing moisture, chewing fattiness, saltiness, taste of the meat dollop, spice intensity, foreign odour or taste, and preference.
Statistical analysis
Each product was prepared as one mixture, and one supplementation type was filled into six short casing parts (each c. 250 g) according to the six different storage intervals. Repeated measurements were used for statistical comparisons between samples. One-way analysis of variance was used for all parameters, with SPSS 10 for Windows (1999) software.
Storage and sampling
The samples between the examinations -except the organoleptic analysis -were stored in a refrigerator at 4 °C in darkness. (250 g) was sliced and analysed.
Results and discussion
Fatty acid profile
Raw meat and backfat contained the least n-3 FA and had the highest n-6/n-3 ratio (Table 2) , but the n-6 content of soybean oil led to an n-6/n-3 ratio identical with that of backfat. Marked differences were found between the two vegetable oils regarding their polyunsaturated fatty acid (PUFA) content and the n-6/n-3 ratio. ALA content of flaxseed oil was higher by one order of magnitude than that of soybean oil and its n-6/n-3 ratio was the lowest (Table 2) . Table 3 shows the proportional (w/w% of FA) FA profile obtained from the graded oil substitutions. Storage-dependent alterations of the FA profile were negligible and are therefore not shown. The fatty acid profile of partially substituted Párizsi samples was diverse. The increasing amount of added oil reduced the n-6/n-3 FA ratio in all cases, mainly in the flaxseed enriched samples, whereby at 9% concentration (i.e. of the fat content) the optimal ratio of 4 (WooD et al., 2004; taKeuCHi et al., 2008) was approached. This product contains nearly 70 mg PUFA and 13 mg n-3 FAs/g. Fao (2008) recommends 0.25-2 g/day total n-3 FA intake, of which 1.1-1.6 g/day is the recommended daily allowance (RDA) for the precursor ALA (iom, 2005) . With the model products this can be fully reached when ingesting c. 100 g of the most highly substituted (9% flaxseed) product, which is consonant with the Hungarian national habits of Párizsi consumption. According to WooD and co-workers (2004), the optimal human fat source contains 30% proportion of saturated fatty acids and the PUFA/ saturated ratio is higher than 0.4. In our 9% flaxseed sample this was not totally fulfilled, albeit well approached (40% and 0.56, respectively), while the control sample was different from this theoretical optimum regarding the first indicator (44%). In contrast, the control sample was appropriate in its PUFA/saturated ratio, referring to the fact that the optimally accepted FA composition in a single product is hardly attainable. Using merely vegetable Acta Alimentaria 43, 2014 oils, a further drawback was that desaturated and elongated FAs (docosapentaenoic and docosahexaenoic acid) were practically absent in the samples, while the cumulative RDA of these acids is 0.2 g/day (FAO, 2008) . In future product development this can be compensated by the addition of fish oil, being, however, questionable from consumer perception aspects. 
Texture profile analysis (TPA)
Texture is a major attribute of Párizsi because of its influence on the organoleptic properties. The optimal products are easy-to-slice, elastic, not too tender, having not too hard texture (CoDex alimentaRiuS HungaRiCuS, 2004). These parameters depend on the raw materials, mainly the presence of animal fat (Keeton, 1994) , and in our experiment the TPA parameters of Párizsi were affected by the rate of oil substitution as well as the chilled storage for 32 days (Table 4 ). The differences in hardness of 15 mm diameter cones were interpreted. Slight differences were detected between differently composed samples on the 1 st sampling day; the 9% addition of soybean oil increased the hardness of the enriched sample. The increasing flaxseed oil concentration also increased hardness -except for the 3% flaxseed oil enrichment, which was identical with the control -, but led to much softer samples than the soybean oil. In general, a decrease in hardness would be expected when solid fat is replaced with liquid oil (HuR et al., 2008) . Difference was found between the two oil types, as well. The results obtained in this study are in agreement with the work of pelSeR and co-workers (2007) reporting that the addition of flaxseed oil to fermented sausage at 4.5% of the final product caused a softer texture. luRena-maRtinez and co-workers (2004) found that the replacement of pig fat with olive oil at 5% in liquid form caused a significant decrease in the hardness of frankfurter. The replacement of fat with extra virgin olive oil at 5-10% decreased the hardness of fermented sausages according to BlouKaS and co-workers (1997) and SeveRini and coworkers (2003) . The added oils are liquid, whereas the backfat contains connective tissue, which may affect the structure. The oil enrichment resulted in softer texture, which was however, only statistically proven but not reported by the panel test evaluators. Chilled storage caused harder samples at the end of the storage irrespective of the formulations (Table 4) . Most probably the moisture content of the samples decreased and that induced higher values, but this was not directly determined in our study. The storage effect on hardness at 4 °C is in agreement with the findings of anDReS and co-workers (2006; 2009) and CanDogan and KolSaRiCi (2003) , who also reported an increase in hardness of low fat beef frankfurters and chicken sausages. SRinivaSSane (2011) reported similar results, increasing hardness during storage.
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Colour
The other sensory quality, being an important aspect of saleability, is the colour (anSoRena & atiaSaRán, 2004) . Many studies reported variable results regarding the effect on colour due to the replacement of animal fat with vegetable oils in different meat products. Replacement or supplementation of animal fat with vegetable oils (paneRaS & BlouKaS, 1994; BlouKaS et al., 1997; amBRoSiaDiS et al., 2003) in liquid form has resulted in a darker colour in meat products like frankfurters and fermented sausages. In our study, the oil enrichment also modified the colour of Párizsi samples (Table 5) . Substitution with soybean oil (9%) led to the darkest Párizsi and the highest b* values. The product with 3% flaxseed oil was the most similar to the control in colour parameters, and the colour difference results also confirmed this fact. BlouKaS and co-workers (1997) and mugueRza and co-workers (2002) reported similar results, when the pork backfat was replaced with olive oil at 10-20% in fermented sausages. pelSeR and co-workers (2007) reported different experiences, that 10-20% substitution of backfat with flaxseed oil in fermented sausages did not affect the lightness and redness, but due to the yellow colour of the flaxseed oil it resulted in higher b* values than the control. Other methods for the enrichment of sausages, when flaxseed oil was encapsulated or in a pre-emulsified form, were not affecting the colour (CaCeReS et al., 2005; pelSeR et al., 2007) . The effect of storage was significant on the colour parameters. At day 32, an increase was observed in yellowness (Table 5 ). The redness and lightness changed differently in all types. The lightness did not change in case of the control and the sample with 3% flaxseed oil, in the other samples the storage resulted in a decrease of lightness, most probably associated with moisture loss. Redness increased in the samples with soybean oil to the end of the storage. Similar results were found in fermented sausages prepared with olive oil or flaxseed oil by SRinivaSSane (2011) and mugueRza and co-workers (2002), namely that the redness and yellowness increased in samples, while the opposite was shown by anDReS and co-workers (2009) and papaDima and BlouKaS (1999). papaDima and BlouKaS (1999) attributed the change of redness to the formation of nitrosylmyoglobin, which is formed by the reaction of myoglobin with nitrites, added to frankfurters as a curing agent. In our substituted samples the differences of redness value might be caused by the oxidation of nitrosylmyoglobin (SRinivaSSane, 2011).
Oxidation
Neither the acid value nor the peroxide number changed markedly during the 32 days of chilled storage. Mean acid value was 0.55±0.28 mg O 2 /kg of fat content and mean peroxide value was 4.2±1.85 meq O 2 /kg of fat content (handling all samples as one group). The main reason to follow possible oxidation was the elevated PUFA and the high moisture content of the model product. The lack of detectable fatty acid deterioration was most probably due to the antioxidant component of the spice mix. This condition largely contributed to the nearly constant acid and peroxide values and the practically unchanged FA profile (valenCia et al., 2006) . It has to be added that the nitrite salt used is a potent antioxidant, while it also contributes to colour stability (St. angelo, 1996) . 
Organoleptic analysis
The most important aspect of the product improvement was not to worsen the organoleptic properties of the original product (i.e. the control) by the vegetable oil substitutions. In general, it was found that increasing vegetable oil addition decreased consumer preference (Fig. 1) . Analysing all Párizsi samples, significant differences were found only in spice, foreign odour and overall preference. Lower flaxseed oil levels were more preferred considering spice odour, while with 9% oil addition the spice and foreign odour of the soybean samples were distinguished (P<0.05). Regarding preference, surprisingly, the 9% flaxseed oil sample was more favoured than the 9% soybean oil one, which was the least preferred sample of all. Only flaxseed oil interfered with the spice mix, soybean oil did not. This was underscored by the experience that the 3% flaxseed oil added sample was evaluated as being spicier than the one with 9%. The most similar to the control was the 3% flaxseed oil sample. maKala (2007) and SRinivaSSane (2011) reported similar results to the present ones, that addition of flaxseed oil to bologna pork sausage did not change sensory attributes compared to control.
Conclusions
A well-storable model Párizsi product with close to optimal and stable FA composition, fair organoleptic properties and consumer acceptance was developed with an acceptable minor drawback (lack of highly unsaturated n-3 PUFA). Further work focuses on the elimination of this disadvantage with natural additives by maintaining the advantageous storage, colour and taste characteristics. *
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